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INTERFERON GENE THERAPY FOR THE 
TREATMENT OF VASCULAR DISORDERS 

FIELD OF THE INVENTION 

This invention is directed to interferon gene therapy. 
5 In particular, this invention is directed to interferon gene 
therapy for the treatment of vascular disorders, 

BACKGROUND OF THE INVENTION 

Coronary angioplasty results in successful nonsurgical 
revascularization in more than 90% of patients. More than 

10 300,000 coronary angioplasty procedures were performed in th 
United States in 1990. However, the major limitation of 
coronary angioplasty is a 30-40% restenosis rate which occurs 
in the first six months following the procedure. The cellular 
basis for coronary restenosis includes intense smooth muscle 

15 cell (SMC) proliferation in response to vessel wall injury ^ 
This process is characterized by a change in SMC phenotype from 
the contractile to the sympathetic form, migration of both 
phenotypes from arterial media to the intima, subsequ nt 
synthesis and the secretion of extracellular collagenous matrix 

20 at the site of vessel wall injury. Clowes et al. S.M. Clrc. 
Res. 56: 139-145 (1985); Austin et al., J. Am. Coll. Cardiol. 
6: 369-375 (1985); Essed et al., Br. Heart J. £9: 393-396 
(1983) . Furthermore, it has become evident that the restenosis 
process is multifactorial, and relates to platelet and thrombin 

25 reactivity as well as several growth factors. Ip et al., J. 
Am. Coll Cardiol. 15: 1667-1687 (1990); Ross et al., Cell £6: 
155-169 (1986); Gajdusek et al., J. Cell Biol. 8j>: 467-472 
(1980) . This multifactorial pathogenesis xplains the 
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disappointing results of intensive clinical investigations over 
the past decade regarding treatments for restenosis. 

Intensive experimental and clinical investigation for 
the prevention of restenosis has been conducted over the past 
5 decade. Several interventions, such as anti-platelet, anti- 
coagulation, anti-inflammatory and vasodilator therapies have 
shown favorable reduction in the severity of intimal 
proliferation following experimental balloon injury. Powell et 
al . , Science 245 ; 186-188 (1989); Castellot et al., J. Cell 
10 Physiol. 124:21-38 (1985); Fox et al., Science 241 : 453-456 
(1988). 

Recently, attempts have also been made to apply new 
mechanical devices to limit restenosis (e.g., stent, 
atherectomy, laser, rotablator, etc.). However, preliminary 

15 data showed a limited role of these interventions because while 
mechanical interventions improve the primary result of coronary 
angioplasty, the mechanical techniques extend vessel wall 
injury related to the procedure and are therefore unabl to 
reduce SMC proliferation and the restenosis rate. Furthermore 

20 mechanical interventions can be applied only to a small group 
of patients with optimal coronary anatomy. 

Application of antimitogenic therapy has also been 
suggested for prevention of restenosis. For example, 
concentrated heparin has been tested as an antiproliferative 

25 agent to control the problem of restenosis after angioplasty. 
Wolinsky and Thung, JACC 15(2): 475-481 (1990). y-interf eron 
has been identified as another potentially useful therapeutic 
for treatment of restenosis. WO 90/03189 issued April 5, 1990. 
However the dose of antiproliferative agents given by systemic 

30 administration is likely not high enough to achieve the desired 
effect. Therefore, agents which have been tested are not 
powerful enough to show a beneficial effect in more complex 
clinical situations. 

The transfer of genes is a well-known phenomenon in 

35 biology and evolution of organisms. Gene therapy is a recently 
developed modality us ful for introduction of a foreign gene 
into the target tissue in order to correct an inherited or 
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acguir d disorder through the synthesis of design d gen 
products in vivo. For instance , endothelial cells may b 
genetically engineered with a gene for a heterologous protein 
useful as a therapeutic agent, such as soluble CD-4, Factor 
5 VIII, Factor IX, von Willebrand Factor, t-PA, urokinase, 
hirudin, interferons, tumor necrosis factor, interleukins, 
hematopoietic growth factor, antibodies, glucocerebrosidas , 
ADA, phenylalanine, hydroxylase, human growth hormone, insulin 
and erythropoietin. Such endothelial cells have been implanted 

10 in the vascular system of mammals via vascular grafts. WO 
90/06997 issued June 28, 1990. Genetically engineered cells 
with a gene for a protein such as t-PA, urokinase, 
streptokinase, acidic fibroblast growth factor, basic 
fibroblast growth factor, tumor necrosis factor a, tumor 

15 necrosis factor 0, transforming growth factor a, transforming 
growth factor p, atrial natriuretic factor, platelet-derived 
growth factor, endothelian, insulin, diphtheria toxin, 
pertussis toxin, cholera toxin, soluble CD4 and growth hormon 
may also be delivered to discrete blood vessel segments via 

20 double balloon catheterization methods. It has also been 
suggested that recombinant genes coding for proteins such as 
those provided above may be incorporated into vectors and 
introduced directly to cells on the walls of blood vessels in 
vivo using balloon catheter techniques. WO 90/ 11734 issued 

25 October 18, 1990. Such in vivo gene transfer has been 
demonstrated using a £-galactosidase marker gene expressed in 
a specific arterial segment in vivo by direct infection with a 
murine amphotropic retroviral vector or alternatively by lipid 
mediated transf ection. 

30 A method of modulating the proliferation of smo th 

muscle cells associated with restenosis in any vascular bed is 
greatly desired. Such method should be applicable to patients 
having a broad range of vascular disorders including cor nary 
and peripheral stenoses (i.e., blockages). Further, them thod 

35 should have high efficacy. Such methods, and kits and 
c mpositions th reof are provided by the pr sent inv ntion. 
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OBJECTS OF THE INVENTION 

It is an object of the present invention to provide 
methods of modulating the proliferation of smooth muscle cells. 

Another object of the present invention is to provide 
5 methods of inhibiting intravascular blockages. 

It is a further object of the present invention to 
provide compositions useful for the modulation of smooth muscle 
cells. 

Yet another object of the present invention is to 
10 provide compositions useful for the inhibition of intravascular 
blockages. 

Still another object of the invention is to provide 
kits useful for the modulation of smooth muscle cells. 

It is a still further object of the present invention 
15 to provide kits useful for the inhibition of intravascular 
blockages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the use of a catheter in 
accordance with the invention to transform in vivo cells 
20 present on the wall of a patient's blood vessel. 

SUMMARY OF THE INVENTION 

The present invention is directed to methods of 
modulating smooth muscle cell proliferation comprising 
transforming smooth muscle cells with genes coding for one or 
more interferon polypeptides. In accordance with other 
embodiments of the present invention methods of inhibiting 
intravascular blockages are provided in which genes coding for 
one or more interferon polypeptides are administered to an area 
of vessel wall injury in an amount effective to inhibit the 
formation of thrombi. In further embodiments of the present 
invention, kits for modulating smooth muscle cell proliferation 
are provided comprising an intravascular device and genes 
coding for one or more interferon polypeptides in a 
pharmaceutical ly acceptable carrier. In addition, kits for 
inhibiting intravascular blockages comprising an intravascular 
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device and genes coding for one or more interferon polypeptid s 
in a pharmaceutically acceptable carrier are provid d. 
Pharmaceutical compositions comprising genes coding for one or 
more interferon polypeptides in a pharmaceutically acceptable 
5 carrier are also provided by the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Methods of modulating smooth muscle cell proliferation 
are provided by the present invention. The methods comprise 
transforming smooth muscle cells with genes coding for one or 
10 more interferon (IFN) polypeptides. In other embodiments of 
the present invention, an effective amount of genes coding for 
one or more interfereon polypeptides are administered to an 
area of vessel wall injury in order to inhibit thrombi 
formation. 

15 IFNs are highly potent polypeptides that exert 

specific antiproliferative effects on various cell types, and 
inhibit collagen synthesis. Heyns et al., A. Exp. Cell. R s. 
161 : 297-306 (1985); Pestka et al., Ann. Rev. Biochem. jj>6: 727- 
77 (1987). There are three major classes of interferons, 

20 leukocyte or a IFN (I FN- a) , fibroblast or beta IFN (IFN-0) , and 
immune or gamma IFN (IFN-y) . There are at least 24 nonallelic 
genes or pseudogenes coding for structurally different human 
IFN-a which are not fully characterized. The apparent 
molecular weight of IFN-a subclasses ranges from 16,000 to 

25 27,000. Their amino acid compositions are very similar and 
rich in leucine and glutamic acid/glutamine 0 They are 
polypeptides of 165 or 166 amino acids and their amino acid 
sequences are quite homologous with at least 70% sequence 
identity between the individual molecules (Nagata et al., 

30 Nature 287 : 401-408 (1980); Allen et al., Nature 287 ;408-411 
(1980); Zoon et al., Interferon Res. £:253-60 (1982)). 

IFN-01 has a molecular weight of approximately 20,000. 
Its amino acid composition is similar to that observed for 
human- and murine-IFN-a as well as murine- and bovine-IFN-0 

35 (Langer and Pestka, Pharmacol. Ther. 21* 371-401 (1985); Zoon 
et al., Handbook Exp. Pharmacol. 21: 79-100 (1984)). 
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Human-IFN-01 is a glycoprotein which contains three cysteines 
forming one essential disulfide bond between amino acids 31 and 
141. It is believed that the major portion of the carbohydrate 
moiety is linked by N-glycosylation at position 80. The 
5 functional unit of human-IFN-0 appears to be a dimer. 

IFN-02, which is coinduced with IFN-/31, appears to be 
structurally distinct from Hu-IFN-01 (Billiau, A. , The 
interferon- inter leukin 1 connection. In: Interferon 9 

(Academic, N.Y., N.Y. pp. 92-113, Gresser I, ed. 1987). IFN-02 

10 is identical to B-cell differentiation factor and mediates som 
biological effects which are distinct from the typical I FN 
effects. It has also been named interleukin-6. 

IFN-y (tyP e 11 IFN) is clearly distinct from the type 
I (IFN— a and IFN-01) IFNs in its physicochemical properties, 

15 size, genomic structure, chromosomal localization, and protein 
sequence (Vilcek, J., Mediators of cell growth and 
differentiation, Raven Press, N.Y., N.Y. pp. 92-113 , 1987) . 
The singular IFN-y gene seems to have evolved independently. 
It contains introns and is localized on human chromosome 12. 

20 Upon cleavage of a 20-amino-acid signal peptide, the matur 
protein, which consists of 146 amino acids, is N-glycosylated 
at two sites, and forms dimers and tetramers constituting the 
biologically active forms. Although it contains two cysteines, 
no disulfide bond has been detected in the active molecule. 

25 IFNs can be secreted or expressed in many mammalian 

types in response to various inducers such as fibroblasts, 
macrophages, T- lymphocytes, hematopoietic cells, and others and 
exhibit little cell specificity. 

The IFNs exhibit a number of biological effects. In 

3 0 general, all phases of the cell cycle appear to be prolong d. 
IFNs lower the probability for cells in GO phase to enter into 
the cell cycle. The Gl phase is also prolonged in actively 
proliferating cells following IFN treatment. It has also been 
observed that the time required for cells to carry out DNA 

35 replication (i.e., length of S phase) can be increased, and 
som cell types accumulate in S phase, failing to complete DNA 
synthesis after IFN treatment. A delay in progression through 



WO 93/15609 



PCT/US93/01072 



G2 phase has also be n not d in some cases. Sokawa et al., 
Nature 26£: 236-238 (1977); Mallucci et al., Interferon Res. 3: 
181-189 (1983); Lunblad et al., E. Int. J. Cancer 27: 749-754 
(1981); Balkwill et al., J. Nature (London) 274 : 798-800 
5 (1978) . In addition, IFNs can antagonize cellular responses to 
positive effectors of cell proliferation. The stimulation of 
the quiescent cells with the growth medium has been inhibited 
by I FN. Furthermore, the effects of the individual gr wth 
factors have also been reduced. (Sokawa et al. supra. ; Balkwill 
10 et al. supra; Lundgren et al., O.J. Gen. Virol. &Zt 589-595 

(1979) ; Lin et al., Biochem. Biophys. Res. Commun. £6: 168-174 

(1980) ). It is believed that IFNs exert their effects through 
specific cell surface receptors. IFN-a and IFN-0 have a common 
receptor which is distinct from the IFN-y receptor. After 

15 binding, IFNs are rapidly internalized via receptor-mediated 
endocytosis. 

Genes coding for these interferon polypeptides ar 
employed in methods of the present invention. Gene, when us d 
herein, is intended to connote the common meaning of the word, 

20 i.e., a DNA or RNA sequence which encodes a functional protein 
or RNA molecule. Genes of the present invention may be 
synthetic or naturally occurring. 

In some aspects of the present invention, 
intravascular blockages are inhibited by administration of said 

25 genes. In the context of the present invention, the term 
"inhibition" means a partial or total inhibition of thrombi 
formation sufficient to lessen the severity of the vascular 
disorder. 

The present invention is also directed to 
30 proliferation associated with any vascular and periph ral 
stenosis including coronary restenosis which involves int nse 
smooth muscle cell (SMC) proliferation in response to vess 1 
wall injury. SMCs have been demonstrated to* express autocrine 
substances which influence their own function, such as growth 
35 and contractility. While n t intending to be bound to any 
particular theory, it is b li ved that by transfecting SMCs 
with genes coding for one or more interferon polypeptides, SMCs 
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will produce IFN locally and the resulting "autocrine- 
paracrine" system in SMC with IFN gene transf ection will serve 
as a counterbalance to growth factors and act as a 
downregulator of SMC proliferation. 
5 SMCs may be transformed by genes coding for 

interferon polypeptides by methods known to those skilled in 
the art. Tranf ormation is the process by which cells have 
incorporated an exogenous gene by direct infection, 
transf ection or other means of uptake. In preferred 

10 embodiments of the present invention, transformation is 
accomplished by means of a liposome-mediated transf ection as 
described in Ausubel et al., Current Protocols in Molecular 
Biology (1991) incorporated by reference herein in its 
entirety. A gene coding for an interferon polypeptide is 

15 incorporated into a suitable vector such as pSG5 (Stratagen 
Cloning Systems, La Jolla, CA) . Other vectors having 
characteristics useful in the present invention will be 
apparent to those skilled in the art. The term "vector" is 
well understood in the art and is synonymous with the phras 

20 "cloning vehicle". 

A solution containing one or more interferon genes 
incorporated in a vector is delivered into the vascular system 
of a patient by means of an intravascular device. An effective 
amount of genes coding for interferon polypeptides may 

25 eliminate all smooth muscle cell proliferation and thrombi 
typically associated with vessel wall injury, or may lessen the 
severity of stenosis in comparison with untreated vessels. The 
effective amount of genes coding for interferon polypeptides 
will vary depending upon conditions such as, for example, 

30 patient age, weight and general state of health. One skilled 
in the art will be able to determine to effective amount of 
said genes in any particular circumstance. In some embodiments 
Of the present invention, the genes coding for interferon 
polypeptides may be admininstered in conjunction with other 

35 therapeutics found effective to limit or eliminate stenosis, 
such as, for example, anti-platelet, anti-coagulation, anti- 
inflammatory, and vasodilation therapeutics. The solution may 
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also contain a prot olytic enzyme such as disparse, trypsin, 
collagenase, papain, pepsin, or chymotrypsin. In addition to 
proteolytic enzymes, lipas s may be used. As a mild det rg nt, 
the solution may contain NP-40, Triton X100, deoxycholate, SDS 
5 or the like. 

Any blood vessel may be treated in accordance with 
this invention. For example, arteries, veins and capillaries 
are encompassed within the scope of the present invention. The 
vessel surface can be prepared by mechanical denudation al n , 

10 in combination with small amounts of proteolytic enzymes such 
as dispase, trypsin, collagenase or cathepsin. The denudati n 
conditions are adjusted to achieve the appropriate loss of 
cells from the vessel wall. 

Intravascular devices known to those skilled in the 

15 art are encompassed by the present invention. For example, 
injection and transcatheter delivery devices are useful in th 
present invention. In some preferred embodiments of the 
present invention a catheter device may be employed. Any 
catheter means which can be held firmly in place within the 

20 blood vessel with little or no resulting mechanical injury and 
which can deliver a solution containing said gene is 
encompassed by the present invention. In one pref rred 
embodiment of the present invention, a catheter as illustrated 
in Figure 1 is provided. In Figure 1 5 is the wall of the 

25 blood vessel. The figure shows the catheter body 4 held in 
place by the inflation of inflatable balloon means 2, equipped 
with a plurality of apertures 3.. Said apertures may range in 
diameter from about 10/im to about SOpm. More preferably th 
diameter of the apertures is from about 15 /tin to about 40/xm. 

30 Most preferably said apertures range in diameter from about 
20/im to about 30nm. While Figure 1 illustrate three apertur s, 
the figure is not intended to limit the number of apertures in 
said balloon means. The number of apertures will be a function 
of the aperture diameter and pressure exerted necessary for 

35 optimal delivery of the perfusate to the sm oth muscle cells, 
th det rmination of which is within the ambit of one skilled 
in the art. Of course the balloon means will have at least one 
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aperture. Preferably the balloon means has from about 1 to 
about 50 apertures. From about 5 to about 25 apertures is 
still more preferable. Most preferably, the balloon means has 
from about 10 to about 15 apertures. By exerting pressure on 
5 the solution (perfusate) , the balloon inflates and perfusion 
fluid sprays from the aperture of the balloon, thereby 
impregnating the perfusate within the wall of the blood vessel. 
At least about 2 atmospheres (atm) of pressure is exerted on 
the perfusate. Preferably at least from about 2 to about 10 

10 atm of pressure is exerted on the perfusate. Most preferably 
from about 2 to about 5 atm pressure is exerted on the 
perfusate* This procedure involves occlusion of the blood 
vessel which can, after prolonged occlusion, lead to myocardial 
infarction. Therefore occlusion of the blood vessel should be 

15 of limited duration. Occlusion should last preferably no 
longer than about one to two minutes minute . 

Another embodiment of the present invention provides 
kits for modulating smo oth muscle cell proliferation containing 
an intravascular device and genes coding for one or more 

20 interferon polypeptides in a pharmaceutically acceptabl 
carrier. Kits for inhibiting intravascular blockages 

comprising an intravascular device and genes coding for on or 
more interferon polypeptides in a pharmaceutically acceptabl 
carrier are also encompassed by the present invention. In some 

25 preferred embodiments of the present invention, the 
intravascular device is a catheter. The pharmaceutically 
acceptable carrier may be a solution containing a proteolytic 
enzyme such as disparse, trypsin, collagenase, papain, pepsin, 
or chymotrypsin. In addition to proteolytic enzymes, lipases 

30 may be used. As a mild detergent, the solution may contain NP- 
40, Triton X100, deoxycholate, SDS or the like. 

Pharmaceutical compositions comprising genes coding 
for one or more interferon polypeptides in a pharmaceutically 
acceptable carrier are also provided by the present invention. 
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EXAMPLES 

Other features of the present invention will become 
appar nt in the course of the following Examples. These 
Examples are illustrative , but are not meant to be limiting of 
5 the present invention. 



EXAMPLE 1 Selection of the most potent IFN-inhibitor 

of SMC proliferation 
A. SMC culture 

In vitro studies will be carried out in human (hSMC) 

10 and porcine (pSMC) SMC cultures. The IFN(s) exhibiting the 
strongest inhibition of SMC growth will be chosen for the gene 
transfection study. The human recombinant IFNs (hr-IFN) will 
be tested first in hSMC in different doses for 3 days' 
exposure. The doses of IFNs and the duration of exposure will 

15 be modified depending on the initial results. In additi n, 
should the inhibition of SMC growth be less than expected, a 
combination of two IFNs (e.g., IFN-a or IFN-^+IFN-y) will be 
tested to augment their antiproliferative effects. The same 
procedure will be applied in pSMC. If hr-IFN shows a suboptimal 

20 effect in pSMC, mouse recombinant I FN (mr-IFN) will be tested. 

Cells will be cultured at 37 °C in a humidified, 5% 
COz/95% air atmosphere. Triplicate plates will be analyzed for 
each experimental growth condition. Passages 3 to 10 will b 
used in all experiments. The cell type will be identified as 

25 SMC by the presence of "hill and valley" appearance, and SMC 
specific myosin will also be determined by indirect 
immunofluorescence • 

1. Human SMC culture 
In accordance with methods set forth in Tan et al . , 

30 Biochem. Biophy. Res. Commun. 163 ; 84-92 (1989) adult human 
iliac arteries are obtained from brain-dead, heart-beating 
cadaver renal donors. After harvesting the endothelial c lis 
by collagenase treatment, the adventitia will be removed and 
the medal tissue will be minced. The minces will be plac d in 

35 gelatin-coated flasks and incubated in complete medium (CM) 
including M 199 medium, 2 mM glutamine, 10% fetal bovine serum 
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(FBS) . Endothelial cell growth factor (ECGF, 75 /xg/ml) and 
heparin (100 /xg/ml) are added only to the medium of primary 
cell cultures. The explants are changed with fresh CM twic a 
week and harvested at confluency. Thereafter, the cells are 
5 harvested weekly with 0.25% trypsin, and are seeded at 10* 
cells/cm 2 in the same CM. 

2. Porcine SMC culture 
pSMC will be isolated from porcine aorta according to 
the explant method of Ross, R. , *7. Cell Biol. 50: 172-186 

10 (1989) . The aorta is removed and fascia cleaned. The medial 
layer of aorta is cut into 1 mm 2 pieces and placed in 100 mm 
culture dishes containing DMEM, 10% FBS, 2mM glutamine. ECGF 
(75 jig/ml) and heparin (60 pg/ml) will be added to the primary 
cell culture medium. The medium is replaced at 3 -day 

15 intervals. After 2 weeks of cultivation, outgrowth of cells is 
observed. Serial subcultures are prepared using splitting 
ratios of 1:3 or 1:4. In all experiments cells from 3-10 
subculture will be used. 

B. Growth inhibition experiments 

20 Cells will be plated in 16 mm multiwell plates at 

densities of 10* cells per well in normal growth medium. After 
24 hours, their growth will be arrested by reducing FBS to 
0.4%. In this condition approximately 90% of cells are arrested 
in Go(Gi) . Cells are then divided into the following groups: 

25. Control group: Cells will be incubated with CM for 

72 hours; 

Treated group: Cells will be incubated with CM and 
respective IFNs in 5 different doses for 72 hours. The 
following IFNs will be tested: 
30 ° hr IFN-a (Schering Corporation, Kenilworth, NJ) is 

expressed in E. coll. Specific activity is >3xl0 8 lU/mg. Th 
purity is homogeneous on HPLC and SDS PAGE. 

° hr IFN-01 (Berlex Laboratories, Inc. Alameda, CA) 
is separated from BHK cells. Specific activity is >2xl0 8 IU/mg 
35 and purity is >95%. 

• hr IFN-/32 (Boehringer Manheim Co. , Indianapolis, IN) 
is expressed in E. coll. Specific activity is >2xlO e IU/mg, 
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Purity is >98% (SDS-PAGE) . 

° hr IFN-y (Boehringer Mannheim Co. , Indianapolis, IN) 
is expressed in E. coli. Specific activity is >2xl0 7 lU/mg 
(EMC virus/WISH cell system) . Purity is >99% (HPLC) • 
5 C. Cell inhibition assay 

After cells are trypsinized, they are counted in 
duplicated samples using a Coulter counter (Coulter 
Electronics, Inc. Hialeah, FL) . Trypsinized cultures will be 
routinely checked by a direct microscopic examination to 

10 ascertain that the trypsinization procedure does not lyse the 
cells (i.e., presence of cell debris) and to ensure that all 
cells are removed from the wells. The net growth of SMC in the 
control and IFNs-treated cultures is obtained by subtracting 
the starting cell number (at the time the cells are released 

15 from GO) from the cell number at the end of the experiment in 
the control and IFNs-treated cultures, respectively. The 
degree of inhibition is determined from the following formula: 

net growth in I FN -treated 

% inhibition = (1- > — ) x 100 

20 net growth in controls 



D. Collagen synthesis assay 

A collagen synthesis assay is performed in accordanc 
with methods provided in Tan et al., Biochem. Biophy. Res. 
Commun. 163 ; 84-92 (1989). After effective I FN is chosen, the 

25 collagen synthesis will be evaluated using optimal dose and 
exposure time. Confluent cultures of hSMC grown with or 
without IFN(s) are pre incubated with 40 /xg/ml of ascorbic acid 
2 hours prior to the addition of 20 /iCi/ml of L-[2,3,4,5~ 3 H] 
proline (108.6 Ci/mmol; New England Nuclear, Boston, MA). 

30 After 16 hours, the incubation is terminated by separating the 
medium from the cells and cooling the fractions to 4°C. 
Various protease inhibitors are added to the medium samples. 
The cells are rinsed with PBS, extracted with 0.4 M NaCl-Tris 
buffer (pH 7.5) containing protease inhibitors, and sonicated 

35 at 60 Hz for 30 seconds. To guantitate the synthesis of [ 3 H] 
hydroxyproline, aliquots of medium and h mog nized cells are 
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dialyzed against tap water, hydrolyzed in 6 N HC1 in sealed 
tubes at 115 °C for 24 hours and assayed for nondialyzable [ 3 H] 
hydroxyproline using a specific radiochemical method. Tan et 
al., Biochem. Biophy. Res. Commun. 163: 84-92 (1989). The 
5 values are normalized for cellular protein and DNA. 

EXAMPLE 2 Construction of expression vectors 

containing ZFN gene 

A. Design of the vector structure 

pSG5 (Stratagene Cloning Systems, La Jolla, CA) is a 

10 4.1 kB eukaryotic expression vector constructed by combining 
pKCR2 and Stratagene f s pBS vector. The vector contains the 
early SV40 promoter to facilitate in vivo expression and the T7 
bacteriophage promoter to facilitate in vitro transcription of 
cloned inserts. Intron II of the rabbit b-globin gene 

15 facilitates splicing of expressed transcript, and a 
polyadenylation signal increases the level of expression. 
Three unique restriction sites EcoR 1, BamHl and Bgl II ar 
located downstream from the promoter sites. The pSG5 vector 
has been used for in vivo and in vitro expression of a vide 

20 variety of cells. The cDNA encoding the designed protein-IFN 
(R & D SYSTEMS, Minneapolis, MN) is synthesized using standard 
phosphoramidite chemistry and the oligonucleotides, in th 
laboratories of British Bio-technology Limited (BBL) and is 
suitable for expression in eukaryotic system* The final 

25 protein sequence is identical to the natural sequence. I FN DNA 
will be inserted into the pSG5 at multiple cloning sites by 
restriction enzyme digestion and DNA ligation (Sambrook et al., 
ed., Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, NY 1989) . The plasmid pSG5 containing I FN DNA will be 

30 grown in J?. coli, and the recombinant DNA- pSG5/IFN will be 
purified by a miniprep procedure or by CsCl/ethidium bromide 
centrifugation. (Current Protocols in Molecular Biology, Green 
Publishing Association, 1991) • 

B. Evaluation of the transi nt xpr ssion of I FN 

35 COS cells are African green monkey kidney cells that 

have been transformed with an origin-defective SV40 virus, 
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which has integrated into COS cell chromosomal DNA, and can be 
us d to produce high level and short-term expression of 
designed prot in. If transf cted DNA encod s a secreted 
protein, up to 10 ixg of protein can be recovered from 
5 supernatant of the trans fected COS cells one w ek 
posttransf ection . 

COS-7 (ATCC) cells will be seeded at 2 x 10 6 and grow 
overnight to 50% confluent. pSG5/IFN will be transf ected to 
COS cells using optimal condition of liposome mediated 
10 transfection procedure. Feigner et al. , B±och&m 84.: 7413-7417 
(1987) . 72 hours after transfection, the supernatant will b 
harvested and secret protein will be detected by Western 
blotting (Sambrook et al., supra). 

C Analysis of biologically active protein from SMC 
15 The supernatant harvested from transfected COS cells 

will be added to SMC. The cell growth inhibition will be 
monitored. Inhibition of SMC growth is observed. 

EXAMPLE 3 Feasibility and efficiency of 

gene transfection in SMC culture 

20 Recently, the feasibility of direct gene transfer into 

the vascular segment by retroviral infection and 
liposome-mediated transfection has been demonstrated. Th 
marker gene product, /9-galactosidase (/?-gal) or lucif erase, 
could be detected in a variety of cell types in the vessel wall 

25 from 3 days to 5 months (Nabel et al., Science 249 ; 1285-1288 
(1990); Chang et al., Circulation Q3i 2007-2011 (1991)). 
Taking into account the safety concern related to 
retroviral-mediated gene transfer in patients, we intend to us 
liposome-mediated gene transfer method. Feigner et al., 

30 Biochem. 84: 7413-7417 (1987). 

Three parameters such as the concentrations of lipid 
and DNA, as well as the incubation time of the liposome- DNA 
complex, are important in gene transfection by cat ionic 
liposomes. Ther for , w will determine the optimal condition 

35 for liposome-mediated g n transf r in SMC. Thes three 
fact rs will b systematically xamined according to standard 
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procedures (Ausubel et al., ed. Current Protocols in Molecular 
Biology 1991) to obtain optimal transfection. After the 
optimal condition is selected, this procedure will be used in 
all gene transfection experiments. 
5 The pSV-0-galactosidase vector (Promega, Madison, WI) 

is designed as a positive control vector for the monitoring of 
transfection efficiencies of mammalian cells. The SV40 early 
promoter and enhancer drive transcription of the bacterial lac 
Z gene which, in turn, is translated into the /3-gal. It has 
10 been reported as an excellent reporter enzyme which can be 
quickly and directly assayed in cell extracts and stained in 
situ. 

The plasmid pSV-0-gal (mammalian expression v ctor) 
will be grown in Escherichia coli (E* coli) , and purified. 

15 Sambrook et al., ed. , Molecular Cloning: A Laboratory Manual , 
Cold Spring Harbor, NY 1989. Purity will be confirmed by 8% 
agarose gel electrophoresis, demonstrating the absence of 
bacterial cellular DNA. The purified pSV-0-gal will be mixed 
with N- [ 1- ( 2 , 3-dioleyloxy ) propyl ] -N , N , N-trimethylammonium 

20 chloride (DOTMA) and dioleoyl phosphatidylethanolamine (DOPE) 
(Bethesda Research Laboratories, Gaithersburg, MD) . The 
lipid-DNA complexes are immediately formed due to ionic 
interactions between the positively charged group on the DOTMA 
molecule and negatively charged phosphate groups on the DNA. 

25 SMC will be plated in 6-well tissue culture dishes at 5 x 10 5 
cells/well, and grow overnight to 80% confluency. The cells 
are then washed with serum free medium and the lipid-DNA 
mixture, made according to standard procedure provided in 
Sambrook et al., ed. , Molecular Cloning: A Laboratory Manual, 

30 Cold Spring Harbor, NY 1989, is added. The cells will be 
incubated for 6 hours at 37 °C. CM is then added to the cells 
and cells are incubated for an additional 16 hours. The medium 
is replaced with fresh CM, and the incubation is continued for 
the next 48 hours. 

35 Forty eight hours after transfection, cells are wash d 

with PBS buffer and cell extracts will be prepared by 
freeze-thaw methods. The cell extracts will be added with 
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phosphate buffer and the substrate ONPG (o-nitroph nyl-0-D- 
galactopyranosid ). After incubation at 37 °C, the reaction 
will be terminat d by addition of Na 2 C0 3 , and the absorbanc is 
read in a spectrophotometer at 420nm. The optimal condition 
5 will be the one which shows the highest reading of absorbance. 

EXAMPLE 4 Evaluation of I FN gene expression and its 

antiproliferative effect in SMC culture 

The inducibility and efficiency of the I FN gen 
transfection will be evaluated by measuring I FN protein or I FN 
10 RNA. Furthermore, the function of the I FN gene will be 
assessed by measuring the recipient cell growth. 

A. ZFM protein measurement by Western blotting 
pSG5-IFN will be transfected into SMC under optimal 
condition as described in Example 3. 72 hours post- 
15 transfection, cells will be washed and lysed, and the cell 
lysates will be solubilized with sodium dodecyl sulfate (SDS) . 
After separation by polyacrylamide gel electrophoresis, th 
antigens will be electrophoretically transferred to 
nitrocellulose paper. The paper is then blocked to prevent 
20 nonspecific binding of antibody and probed with I FN antibody (R 
& D Systems, Minneapolis, MN) . The antibody will be det cted 
by a horseradish peroxidase (HRPO) -antiimmunoglobulin conjugate 
and visualized by incubating the filter paper in the pres nee 
of a precipitable substrate. 
25 B. In situ hybridization of cellular RNA for I FN 

In situ hybridization of cellular RNA will be 
necessary only if I FN protein is not detected. This will h Ip 
to define whether the negative result is related to 
insufficient quantity of I FN protein, or the failure of I FN 
30 gene expression. In accordance with methods of Ausubel et al., 
Current Protocols in Molecular Biology 14.0.1-14.6.8 (1991) 
cells are suspended in a serum-free medium (2 x 10 7 cells/ml 
density) and fixed to poly-L-lysine-coated slides with 4% 
paraformaldehyde. The slides ar dehydrated through a seri s 
35 f 5-minute incubati ns in 50%, 70%, 95% and 100% ethanol. 
After drying, slide boxes containing desiccant will be stor d 
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at -70 °C. Specimens will be dewaxed, rehydrated and denatured 
to remove som of the proteins and make the RNA transcripts 
more accessible for hybridization. RNA contained in the 
specimens is hybridized to a [ 35 S]UTP-labeled riboprobe for 4 
5 hours* Specimens are then washed and digested with RNase to 
remove excess and nonspecif ically hybridized probe. I FN RNA 
will be detected using film autoradiography. 

C. Measurement of trans fee ted cell growth 
The transfected cell growth will be evaluated by 
10 counting and comparing the number of pSG5-IFN or pSG5 
transfected cells at 3 and 5 days posttrans feet ion. 

Percent inhibition of transfected cells will be 
calculated using the formula described in Example 1. It is 
believed that cell growth will be inhibited with detectable 
15 expression of I FN mRNA or synthesis of I FN protein. 

EXAMPLE 5 Feasibility and stability of 

in vivo gene transfection 

Based on the results of the above in vitro series of 
experiments, the most potent I FN gene will be selected for in 
20 vivo gene transfection. 

A. Gene delivery system 

There are two available catheter systems designed to 
deliver pharmacologic agents into the vascular wall. The first 
consists of two inflatable balloons occluding a segment of the 

25 vessel , and a central instillation port. Using this system or 
its modification, successful transfer of reporter genes into 
the arterial wall has been demonstrated after prolonged 
exposure of the vessel wall to the transfection solution. Lin 
et al., Circulation 82: 2217-2221 (1990). Because of the 

30 possibility of myocardial infarction after prolonged coronary 
artery occlusion, this system is not practical for its 
application in the coronary circulation. The second device 
consists of a perforated (i.e., porous) balloon. The balloon 
inflates when pressure is exerted on the perfusate. Wolinsky 

35 et al., *7. Am. Coll. Cardiol. 15: 475-481 (1990) ♦ Then 
depending on th exerted pressure, the perfusion fluid sprays 
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from the multipl hoi s, 25 /*m in diameter, and impregnates 
different layers of the vessel wall. This device which allows 
f r d eper penetration of the perfusate within the wall, and 
most importantly inflation for only one minute, resulted in th 
5 staining of the entire media. Wolinksy et al., supra. Sine 
coronary occlusion for one minute is commonly used and well 
tolerated during coronary angioplasty in patients, a perforated 
balloon will be used for the transfection studies in vivo. 

Using anesthetized porcine model, standard 

10 nonperf orated balloon catheter will be advanced to th 
surgically exposed femoral artery. Then, the studied segment 
will be denuded by the inflation of the balloon. The sid 
branches will be occluded and the segment of the artery will b 
marked. Next, the perforated balloon will be advanced to the 

15 denuded portion of the femoral artery. Suspension of col red 
(nonradioactive) microspheres (5 pm in diameter) will b 
injected through a porous balloon into the vessel wall. The 
direct contact between a perforated balloon and the vessel wall 
will be achieved by exerting pressures of 2 atm or more on the 

20 perfusate. Each inflation will last one minute, and inflation 
pressures of 2, 3, 4, and 5 atmospheres (atm) will be tested. 
Different colors of microspheres will be suspended in the 
perfusate for each inflation pressure tested. Special 
attention will be paid to remove the remaining microspheres 

25 before the next set of microspheres will be instilled. Five 
arterial segments will be studied for each inflation pressure. 
The animals will be sacrificed with an overdose of 
pentobarbital and perfused antegradely with 2% glutaraldehyd 
and 1% paraformaldehyde in 0.1 M cacodylate to allow fixation 

30 of the arteries in situ. Paraffin-embedded rings will be cut 
into 7 /iui sections and stained with hematoxylin eosin, 
trichrome, and elastic tissue stains. Using the light 
microscopy, the penetration of microspheres in the vascular 
wall will be assessed. The inflation pressure resulting in 

35 penetration of the microspheres through the entire media will 
be ch sen. 
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B. Th xpressi n of a report r g n in vivo 
Direct gene transfer of a B-galactosidase expression 
vector into the arterial wall will be studied in 
nonatherosclerotic porcine model. Farm pigs will be 

5 anesthetized with pentobarbital (20mg/kg) , intubated and 
mechanically ventilated. Bilateral femoral arteries will be 
denuded using a standard balloon catheter. The lipid-DNA 
mixture will be prepared as described in Example 3. A 
perforated balloon will be advanced to the denuded segment of 

10 the femoral artery under the fluoroscopic guidance. Using the 
perfusion pressure, resulting in the penetration of the media 
by the perfusate as described in Example 4, the transfection 
solution will be delivered into the vascular wall. The lipid 
solution not containing DNA will be delivered to the 

15 contralateral artery. Afterwards, catheters will be removed, 
arteries repaired, and the animals will be allowed to recover. 
The animals will be sacrificed at 24 hours, l, 3, and 6 months 
after the gene transfer. The vessel segments are quickly 
frozen in semisolid isopentane, cooled in liquid nitrogen, and 

20 sectioned at 6 in a cryostat. The cryosections are fixed in 
1.25% glutaraldehyde for 15 minutes at 4°C and stained with 
X-gal chromagen at 37 °C for 18 hours. The specimens are th n 
counterstained with Harris 1 hematoxylin and mounted in 
glycerin-gelatin. After cleared in ascending alcohols and 

25 xylene, they are mounted in permanent mounting medium. 
£-galactosidase activity will be indicated by visible areas of 
blue coloration under microscope. The intensity of arterial 
staining will be judged by a visual inspection from + to +++. 
Control sections will be run without the b-galactoside 

30 substrate to eliminate the false-positive staining. 

EXAMPLE 6 Effect of I FN gene transfection 

. in preventing restenosis 
A. Liposome-mediated gene 

transfer into the coronary art ry 

35 The atherosclerotic porcine model of coronary artery 

denudation will be used in these experiments. This model 
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off rs several advantages such as comparable size of coronary 
art ries with human coronary circulation, and similar platelet 
characteristics as well as histology of stenotic lesions. 

Yucatan miniswine, weighing about 20-30 kg, will b 
5 placed on an atherogenic diet consisting of 2% cholesterol, 15% 
fat, and 1.5% sodium cholate. One month after the initiation 
of the diet, Yucatan miniswine will be sedated with 
intramuscular injection of ketamine hydrochloride (20-30 
mg/kg) , 0.22 mg/kg acepromazine and 0.05 mg/kg atropin 

10 sulfate. After intubation, 0.5% halothane mixture with room 
air will be given to maintain anesthesia. Using steril 
technique, the right femoral artery will be isolated. An 8F 
hemostatic sheath will be inserted and 2 00 U/kg intravenous 
heparin will be given. Nifedipine (10 mg) buccally will be 

15 administered to prevent coronary artery spasm. In addition, 
bretylium tosylate (5 mg/kg iv) will be given every 15 minutes 
to prevent ventricular fibrillation. The left main coronary 
artery will be entered using an 8F large lumen guiding 
catheter. Intracoronary nitroglycerin (2 00 ucg) will be given. 

20 The left anterior descending coronary artery will be dilated 
first with a 2.5 or 3.0 mm standard balloon catheter in order 
to achieve endothelial denudation and medial injury. Th n a 
perforated balloon will be advanced to denuded segment of the 
left anterior descending coronary artery. The animals will be 

25 randomized to receive either lipofection solution (control 
group, n=10) or the lipid-pSG5-lFN complex (treated group, 
n=10) . The perfusate will be delivered over a one minute 
period, as described in Example 4. Following an additional 
dose of intracoronary nitroglycerin, coronary angiogram will b 

30 recorded. Then, all catheters will be removed, and the wound 
will be closed surgically. One inch of 2% nitroglycerin 
ointment will be applied topically to the shaved area at th 
end of the procedure. The animals will be allowed to recover, 
and adjunctive therapy will include: aspirin (1 mg/kg/day po) 

35 and ampicillin 250 mg intramuscularly for the next two days. 
The animals will be maintained on an atherogenic diet f r 3 
m nths following surg ry. 
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B. Bvaluati n of antiprolif rative eff ct 

Three months after coronary dilatation, using the sam 
preanesthetic, anesthetic, and antispasm protocols as described 
in Example 5, follow-up coronary angiography will be performed. 
5 Special care will be taken to obtain angiographic views in the 
same projections as those obtained after coronary dilatation. 
The animals will then be sacrificed. Using pressure fixation 
technique, arterial segments will be preserved for future 
histology. 

10 1. Angiographic patency and 

loss of the luminal diameter 

Quantitative analysis of coronary angiograms 
immediately after the stent implantation, and on follow-up 
angiography 3 months later, will be performed using a computer 

15 based coronary angiography system (ADAC) .* Appropriate cine 
frames will be digitally acquired by the imaging computer via 
a television camera converter mounted on a cine 35 mm viewer 
(General Electric, CAPS 35 projector) . The video signal is 
then digitized at 512 X 512 X 8 bit resolution onto a digital 

20 angiographic computer (ADAC Laboratories, Model DPS-41 00) , 
Images are then magnified 4 fold using bilinear interpolation. 
After the region of interest is identified by the operator, an 
automatic edge detection algorithm is then used to determine 
the arterial contour by assessing brightness along scan lines 

25 perpendicular to the centerline. Quantitative measurements are 
determined using the coronary catheter as a scaling device. 
Using this automatic edge detection system, 3 quantitative 
parameters of stenosis severity will be measured: minimal 
luminal diameter, percent diameter stenosis, percent area 

30 stenosis. 

2. Microscopic studies 

Segments of the left anterior descending coronary 
artery from the control and treated animals will, be fixed in 4% 
formaldehyde in 0.1 M phosphate buffer for one hour at 4°C. 
35 Aft r d hydration in graded ethanols, they will be embedded in 
paraffin. Five /jm sections will be cut and the sections 
stained with hematoxylin eosin, tichrome and elastic tissue 
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stains. Sections from the control and treated segm nts will be 
analyzed for th presence of thrombus and neointimal 
proliferation. In addition, sections will be stained with 
antibodies directed against von Wildebrand factor , and against 
5 a-actin. Cells reacting with antibodies against von Wild brand 
factor are endothelial cells, whereas cells reacting with 
antibodies against a-actin represent smooth muscle cells. Th 
antibody staining will be performed according to previously 
described methodology (Tsukada et al., AJP 126 : 51-6 (1987)). 

10 3. Mortality 

Mortality between 24 hours and 3 months after coronary 
dilatation will be a major endpoint of the study. It is 
anticipated that mortality beyond the time of surgical recovery 
(i.e., after the first 24 hours) is most likely relate to the 

15 subacute thrombosis of the dilated segment of the wcr nary 
artery. 



EXAMPLE 7 Evaluation of I FN gene expression 

in the coronary artery 

This analysis will determine the relationship betw en 
20 efficiency of gene transfection and antiproliferative effect. 
In addition, it may also provide important information related 
to quantities of gene transfection. 

The animals are killed 4, 8 and 12 weeks after I FN 
gene transfection, and the transfected artery sections are 
25 excised and prepared for In situ hybridization. 

A. IFN protein in coronary artery 

measured by immunohistochemical assay 
The tissue samples are quick-frozen in liquid N 2 , 
immersed in cold Cryokwik and then sectioned. The cryosecti ns 
30 are collected onto poly-L-lysin coated slide and fixed with 
paraformaldehyde. After dehydrated, slides are incubated with 
I FN antibody and flurochrome conjugate. The positive area of 
the tissue specimen will be detected under microscope and 
photographed • 
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B. In situ hybridizati n f vascular I FN mRMA 

In situ hybridization of vascular mRNA is necessary 
only if I FN protein is undetectable. 

The cryosections will be prepared as described 
5 in Example 7. The cryosections on poly-L-lysine-coated slides 
are treated with pronase and acetylated. I FN DNA probe will be 
labeled with [ 35 S] and incubated with specimens. After washing, 
slides will be dried and hybridized probe will be detected by 
autoradiography . 
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CLAIMS 

What is claimed is: 

1. A method of modulating smooth muscle cell 
proliferation comprising transforming smooth muscle cells with 

5 genes coding for one or more interferon polypeptides. 

2. The method of claim 1 wherein said smooth muscle 
cells are located in the wall of a blood vessel. 

3. The method of claim 1 wherein said interferon is 
one of the group consisting of alpha, beta a , beta 2 and gamma 

10 interferon . 

4 . A method of inhibiting intravascular blockages 
comprising admininstering genes coding for one or mor 
interferon polypeptides to an area of vessel wall injury in an 
amount effective to inhibit the formation of thrombi. 

15 5. The method of claim 4 wherein said interferon is 

one of the group consisting of alpha, beta x , beta 2 and gamma 
interferon . 

6. A kit for modulating smooth muscle c 11 
proliferation comprising an intravascular device and genes 

20 coding for one or more interferon polypeptides in a 
pharmaceutical ly acceptable carrier. 

7. A kit for inhibiting intravascular blockages 
comprising an intravascular device and genes coding for one or 
more interferon polypeptides in a pharmaceutically acceptable 

25 carrier. 

8. A pharmaceutical composition comprising genes 
coding for on or more interf ron polypeptid s in a 
pharmac utically acceptabl carri r. 
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